The surface modification of graphene oxide is carried out via a supramolecular 
Introduction
Graphene is rapidly becoming one of the most popular materials since its discovery by Geim et al. [1] The atomically thin, 2D structure that consists of sp2-hybridised carbons allows a remarkable electronic and mechanical properties. [2] [3] [4] [5] These properties place graphene in a leading position as the next-generation material in the applications of nanoelectronic devices, including future photovoltaics, transparent conductive films, electrical energy storage and biosensors. [6] [7] [8] [9] [10] Chemical reduction of graphene oxide seems the simplest way to generate graphene in bulk, with yields suitable for further sustainable chemistry applications due to the low cost and little requirements for complex equipment. [11] [12] [13] And, there is increased interest in developing new chemistry of as-prepared graphene oxide, in particular, its supramolecular chemistry.
Graphene oxide (GO), a graphene derivative more accessible ready for chemical derivatization can be obtained by the controlled oxidation of graphite and has been recently studied in the context of sustainable chemistry applications.
[14]
The electronic and mechanical properties of graphene oxide remain significantly inferior to those of pure graphene, but since it is more amenable to chemical derivatization and bulk production under sustainable conditions, this material is promising as a transparent conductive film material. Hence, there is significant merit in developing new functionalization techniques to manipulate its electronic properties and render it a suitable synthetic scaffold for applications in optical electronics. Due to the desirable electrical, optical and mechanical properties of GO and its chemical similarities to pure graphene it also has potential applications in photovoltaic materilas design.
The existence of numerous oxygenated species at the basal planes of graphene sheets renders it amenable for the formation of stable aqueous dispersions and derivatization based on non-covalent and covalent interactions. The spectroscopic characteristics of GO are tunable and can be adjusted with the changes in the percentage of oxygen groups on its surface and the number of layers available in the dispersed phase. The oxygen containing groups include: -COOH, -OH and -Ofunctionalities which complement an extended π-aromatic network despite numerous disorder/defects regions, rendering this particularly effective at engaging in supramolecular interactions through aromatic staking reinforced by H bands.
Fluorescence measurements also demonstrate that graphene oxide hybrid materials can exhibit strong fluorescence, which absorb strong blue light at 392 nm, 414 nm and 438 nm and maintain a relatively high quantum yield [15] depended on the nature of the dispersing agent used in hybrid formation. Graphene oxide has been recently functionalized with small molecules giving rise to new materials: for example GO was found to bind strongly to p-phenylene diamine which was recently used as a dispersing agent. [16] Porphyrins are planar, electron-rich, highly aromatic materials, characterized by remarkably high extinction coefficients in the visible region. These have been used in some recent studies as chromophores having the ability to act as dispersing agents on basis of their ability to π-π stacking with extended aromatic systems, such as carbon nanotubes [17] and nanohornes [18] for the development of prototype artificial photosynthetic devices. [19] However, functionalization of graphene nano-flakes with bulky and functional, tailor made porphyrins (either covalently and non-covalently) has not been explored thus far. There are so far only limited investigations into GO and porphyrin aggregates, and none involving aryl substitute functional porphyrins.
Here, we synthesized a novel porphyrin-based nanohybrid whereby the entire surface of graphene oxide was modified via supramolecular functionalization of carbon sheet graphene oxide. Due to its enhanced solubility in common organic solvents and lab-scale availability via this validated synthetic route, a GO-aryl thioacetate-functionalized hexyl substituted Zn(II)-porphyrin was used. The Zn(II) complex resulted from the metalation of the corresponding free-base porphyrin, a member of a family of substituted porphyrins known to be soluble in most common solvents e.g. toluene, chloroform and ethanol. [20] This is of the interest as uniform dispersions of such graphene oxide nanohybrids may be used as thin layered materials with applications as scaffolds for future nano-optoelectronic devices.
Results and discussion
For the synthesis of the free base porphyrin and Zn(II)-porphyrin on a laboratory (milligram) scale suitable for further synthetic manipulations, the general procedure devised by Twyman and Sanders [21] was adapted and the details of the fully revised and validated protocol are shown in Scheme 1. This method involved the synthesis of 1-iodohexane, pentane-2,4-dione and benzyl 3-oxobutanonate as the starting materials. [22] The hexyl derived pyrrole acted as the basic building unit to build up porphyrins. [23, 24] The side groups of the porphyrin and the metal center can be further tuned to incorporate several substituents for future photovoltaic devices. The free base porphyrin and Zn(II)-porphyrin has been specifically designed to incorporate four hexane chains on the side of the macrocycles allowing a suitable solubility in common organic solvents and facilitates purification. The molecular structure and supramolecular architecture of the free base porphyrin unit was determined in the solid state by single crystal X-ray crystallography (Figure 1 ). This single crystal was and Fe (III) metalloporphyrin were synthesized, but due to the low yield, Zn (II) complex was chosen for characterization.
Scheme 1.
General procedure used for the synthesis of the Zn(II) porphyrin given its ability to inform on vibrational and other low-frequency modes in such systems. [26, 27] The Raman spectra shown in Fig. 6 were recorded for dispersed samples deposited from ethanol using a laser excitation of 514 nm, a region of the emission spectra of the Zn(II)-porphyrin@GO without interference from fluorescence emission from Zn(II)-porphyrin. It can be seen from Figure 6 that the pure graphene oxide exhibits a D band peak at 1350 cm -1 due to carboxylic group on the sheet edges and oxidized defects or disordered carbon on the surface.
[28]
Figure 6. Raman spectroscopy of GO and Zn(II)-porphyrin@GO
It also exhibits a G band peak at 1599 cm -1 , which corresponds to sp 2 -bonded carbon structure. [26] The Id/Ig ratio of pure graphene oxide is 0.834. It is well known that an increased ratio of Id/Ig indicates a lower degree of crystallinity of graphite type materials. [29] The π-π stacking interaction can occur between Zn(II)-porphyrin and graphene oxide sheets due to the additional π-π stacking and the anchoring of phenyl rings. When the Raman spectrum of pure GO was compared to that of Zn(II)- Although by UV-visible measurements (Figure 8b ) it is not possible to observe in a clear way a critical point suggesting a cooperative aggregation model, [31] due to the shape of the curve. This aggregation behavior is confirmed by the fluorescence studies.
In From Figure 11a and 11b, it can be seen that some solid-state Zn(II)-porphyrin tend to be self-aggregate together (deep blue part in Fig. 11b ) to form a high concentrate structure. This self-aggregated behavior lead to the major lifetime components measured in self-aggregated Zn(II)-porphyrin were 2500±300 ps, while the major lifetime components measured in other Zn(II)-porphyrin were 1900±100 ps in Figure   11c . The major lifetime components measured in Zn(II)-porphyrin@GO composite were 2300±300 ps and 3800±100 ps form Figure 11f . A comparatively broader FWHM (full width at half of the maximum) of the lifetime distribution, namely 3000 ps, indicated the low homogeneity of fluorescence decay and that this composite has a hybrid structure, where the ns lifetime decay profile of the free porphyrin is clearly
identified, yet modified by the close proximity of the GO: this environment (acting as a 'nano-host') clearly influences the spectroscopic behavior of the porphyrin.
Conclusion
In this article, Zn(II)-porphyrin and graphene oxide sheets were non-covalently 
Experimental Section
Synthesis of graphene oxide: Graphene oxide sheets were exfoliated from graphite oxide using an adapted procedure from the published Hummers methods.
[33] The graphite oxide was generated from natural graphite powder (SP-1 grade 325 mesh, Bay Carbon Inc.). 10 g of powdered flake graphite and 5 g of sodium nitrate were stirred in 230 mL technical concentrated sulfuric acid in a 1.5L beaker. This beaker was then rested on an ice bath to maintain the temperature at 0 ℃. Under stirring, 30 g of potassium permanganate were added into this mixture. The rate of addition was controlled carefully so that the temperature of the mixture did not exceed 20 ℃. The reaction was then removed from the ice bath and the temperature was allowed to rise to 35℃. The mixture was then stirred at room temperature for a further 30 min. 460 mL of distilled water were slowly added into the mixture, and it was observed that the temperature of the mixture increases and causes effervescence to occur.
Then, the mixture was diluted to approximately 1.4 L with distilled water. An aqueous solution of 3% H2O2 was slowly added into the mixture to remove excess permanganate and manganese dioxide. Afterwards, the color of the suspension became bright yellow. The suspension was filtrated whilst still warm, and then rinsed with excess warm water. A filtration step followed and the solid was collected onto the Cyclopore membrane followed by dispersion in 3.2 L distilled water. A two week dialysis process was then introduced to remove any remaining salts. Afterwards, the suspension was filtrated again and rinsed with distilled water. The solid fractions were collected from the filtering membrane. The solid products were then kept at 60℃ in a furnace overnight to make sure the graphite oxide was fully dried. For the preparation of graphene oxide dispersions in the dried product it was diluted with ethanol to make 2% w/v dispersion. The suspension was sonicated in an ultrasonic bath (40 kHz) for 3 h, which was separated into 6 x 30 min sonication sessions with 10 min intervals between each session. The suspension was then centrifuged at 3000 rpm for 30 min. The supernatant was taken and was found that it may remain free of precipitation when allowed to settling for a minimum of 1 month. After this period, a microfiltration was performed and only the clear supernatant was used in the experiments. This lengthy procedure was deemed necessary, and repeated several times to secure batch-to-batch consistency of the resulted GO material. This was tested by IR spectroscopy and compared to the corresponding spectra of graphite and graphite-oxide.
Synthesis of the complex Zn(II)-porphyrin@GO:
The clear and stable graphene oxide solution emerging from the process described above was introduced into a filtration process and the graphene oxide solid was collected from the membrane filter. A sample of 5 mg graphene oxide was suspended into 50 mL of ethanol. The mixture was treated with 3 × 10 min of sonication which had 5 min intervals between each section to make sure that the graphene oxides were fully dispersed. A solution of Zn(II)-porphyrin was prepared by adding complex. The mixture was stirred for 24 hours. Subsequently, the mixture was filtered and the solids on the membrane were rinsed with excess ethanol. Graphene oxides and Zn(II)-porphyrins complex were collected from the membrane filter. The complex was fully dried in a 60℃ furnace overnight. The final solid product was then ready to be characterized by spectroscopic methods and microscopy. The AFM samples were deposited onto freshly cleared mica substrate by spin coating (Laurell Technologies WS-400, 3000rpm) or HOPG substrate depends on the sample dispersibility and hydrophilicity. Fourier transform Infrared spectra were obtained by using a Perkin-Elmer 1000 FT-IR spectrometer.
Crystal structure determination: Crystals of acetyl-protected free based porphyrin were grown from THF and pentane mixtures. Crystal and structure refinement data are summarized in Table S1 (SI). Data were collected at 180 K on a Nonius Kappa CCD with graphitemonochromated Mo-Kα radiation (λ = 0.71073 Å). The structures were solved by direct methods using the program SIR92. [34] The refinement and graphical calculations were performed using the CRYSTALS [35, 36] and CAMERON [37] software packages. The structures were refined by full-matrix least-squares procedure on F. All non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms were located in Fourier maps and their positions adjusted geometrically (after each cycle of refinement) with isotropic thermal parameters. Chebychev weighting schemes and empirical absorption corrections were applied. [38] [CCDC 1428500 contains the supplementary crystallographic data for this paper. or Edinburgh Instruments F900 TCSPC analysis software.
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